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The source of the granulosa cells, the cells that surround and support oocytes in ovarian follicles, has long been an unresolved mystery. It is complicated by the developmental anatomy of the ovary. Information from morphological and labeling data has revealed two distinct populations of follicles in rodent ovaries: those participating in neonatal wave of development, which reside in the medullary region of the ovary, and those that develop later, which reside in the cortical region of the ovary [1] . Most follicles in the neonatal medullary wave are anovulatory, while those in the cortical region mature and produce functional oocytes during reproductive life. Several approaches, including studies of large agriculturally important species, supported the idea that pregranulosa cells originate in the ovarian surface epithelium and participate in formation of the ovigerous cords and follicular nests that give rise to primordial follicles [2, 3] . Now, an elegant study published in the current issue of Biology of Reproduction by Mork et al. [4] revisits the problem of granulosa cell origins with fresh approaches and surprising outcomes. The investigators capitalized on expression of the forkhead transcription factor, FOXL2, to track origins and destinations of pregranulosa cells. FOXL2 protein is required for differentiation of granulosa cells, and, indeed, is probably a key ovary-determining factor [5] [6] [7] . This study made clever use of a tamoxifen-inducible Cre controlled by the Foxl2 promoter in mice to lineage-label Foxl2-expressing cells immediately or several days after the bipotential gonad has begun to differentiate into an ovary. The earliest cells to express this marker were shown to be derived from the bipotential supporting cell precursors, which, in the male, give rise to the full adult population of Sertoli cells. This analysis was combined with either BrdU labeling to assess proliferation of FOXL2-expressing cells, or with MitoTracker labeling to visualize cells ingressing from the surface epithelium.
This elegant use of molecular and developmental markers provided clear evidence for an origin of granulosa cells in the surface epithelium of mouse ovaries. Unexpectedly, there were two distinct and sequential waves of pregranulosa cells from the surface epithelium: an initial fetal wave followed by a neonatal wave. The FOXL2-expressing cells that departed the surface epithelium in the first wave were incorporated into the medullary follicles, which are activated and begin to proliferate shortly after birth. In contrast, the FOXL2-expressing cells that leave the surface epithelium in the second wave find their way to cortical oocytes, and remain inactive for a prolonged period, until an as-yet-unknown signal activates follicular development during reproductive life.
Thus, surprisingly, the granulosa cells of the medullary neonatal follicles and the cortical ''adult'' follicles are derived from different sets of surface epithelial cells that migrate early or late during fetal life. Evidence suggests that the medullary and cortical populations of follicles exhibit differences in morphology and rates of development; and, certainly, their fates are different, in that the first wave is essentially anovulatory. Could these granulosa cells have different patterns of gene expression leading to differences in oocyte development? This is possible, but, nonetheless, hundreds of apparently normal mice have been produced by in vitro methods from the oocytes of the medullary wave [8, 9] , suggesting that the medullary follicle granulosa cells imbue the oocytes with at least the competence to develop functionality. Finally, both granulosa cells in females and Sertoli cells in males support and maintain germ cells, suggesting common origins. These interesting findings on origins of granulosa cells prove this a complex issue. The granulosa cells of the medullary follicles do indeed appear to have a common origin with Sertoli cells that arise at the same developmental time point, during the commitment of the bipotential gonad to either testis or ovarian organogenesis. But the adult granulosa cells, arising after this key event, do not share origin with Sertoli cells.
Knockout of Foxl2 in granulosa cells results in transdifferentiation to Sertoli-like cells [7] . Similarly, knockout of another transcription factor, Dmrt1, in males results in transdifferentiation of Sertoli cells to granulosa cell-like cells [10] . Thus, expression of these two genes is crucial to the fate of the germ cell support cells. This finding supports the idea of common origins. Nevertheless, it remains to be demonstrated whether the transdetermined cells can support relevant germ cell development, the crucial test of support-cell function.
Taken together, these results, like those of any good experiment, raise new questions. For example, is the difference between granulosa cells of neonatal medullary follicles and the granulosa cells of the adult cortical follicles simply a difference in the timing of origin of respective pregranulosa cells in their different waves? Or are there true functional differences (analogous, for example, to differences among Leydig cells that develop at different points in gonad differentiation)? What cues guide pregranulosa cells arising in different waves to different gonadal locations? The current studies provide a firm foundation for more clever genetic strategies and single-cell analyses to unravel how granulosa cells acquire the finely tuned function that allows their cross-talk with oocytes.
